Objectives Previous studies suggest that productivity losses associated with head and neck cancer (HNC) are higher than in other cancers. These studies have only assessed a single aspect of productivity loss, such as temporary absenteeism or premature mortality, and have only used the Human Capital Approach (HCA). The Friction Cost Approach (FCA) is increasingly recommended, although has not previously been used to assess lost production from HNC. The aim of this study was to estimate the lost productivity associated with HNC due to different types of absenteeism and premature mortality, using both the HCA and FCA. Methods Survey data on employment status were collected from 251 HNC survivors in Ireland and combined with population-level survival estimates and national wage data. The cost of temporary and permanent time off work, reduced working hours and premature mortality using both the HCA and FCA were calculated. Results Estimated total productivity losses per employed person of working age were EUR253,800 using HCA and EUR6800 using FCA. The main driver of HCA costs was premature mortality (38 % of total) while for FCA it was temporary time off (73 % of total). Conclusions The productivity losses associated with head and neck cancer are substantial, and return to work assistance could form an important part of rehabilitation. Use of both the HCA and FCA approaches allowed different drivers of productivity losses to be identified, due to the different assumptions of the two methods. For future estimates of productivity losses, the use of both approaches may be pragmatic. 
Introduction
Head and neck cancer, which encompasses cancers of the mouth, salivary glands, pharynx, nasal cavity/middle ear/sinuses, and larynx [1] , has an estimated age standardised rate of 11 per 100,000 in Europe [2] . While traditionally a cancer of older men, the emergence of Human Papilloma Virus (HPV)-related cancers of the head and neck has markedly changed incidence patterns [3, 4] . HPV-related head and neck cancer occurs primarily among younger (40-59 years) non-smokers from higher socio-economic groups [4] , resulting in head and neck cancer becoming increasingly common in those of working age.
Similar to other cancers, most people diagnosed with head and neck cancer who are working at the time of diagnosis are likely to take some time out of the workforce for treatment (surgery, radiotherapy or chemotherapy), recuperation and rehabilitation. Published rates of return to work following a diagnosis of head and neck cancer range from 40 % at 1 year [5] to over 80 % after at least 2 years [6, 7] , although some people take up to 5 years [8] .
In addition to impacting on the individual's identity [9] and quality of life [10] , time away from the workplace as a result of cancer has implications both for the employer and for society as a whole in the form of productivity losses. Estimates of productivity losses can contribute to decision making from a cost of illness perspective, and to economic evaluations of new drugs, devices and services within a healthcare system.
The traditional approach to estimating productivity losses in health economics has been the Human Capital Approach (HCA), which sees individuals as potentially producing a stream of output over a working life [11] [12] [13] . HCA measures lost productivity as the time the working life is shortened by due to illness, valued at the market wage.
An alternative to the HCA is the Friction Cost Approach (FCA), which takes into account that absent workers are usually replaced within the workplace [14] . Lost productivity is limited to the time taken to replace the worker (the so called 'friction period'), again valued at the market wage. The choice of method for calculating productivity losses remains under debate; although most jurisdictions who recommend the inclusion of indirect costs in economic evaluations recommend HCA, a growing number suggest using the FCA [15] .
A small number of previous studies report productivity losses associated with head and neck cancer [4, [16] [17] [18] . They suggest losses due to premature mortality are higher for head and neck cancer than other types of cancer [16] and that socio-demographic and clinical factors such as age, gender and cancer site may contribute to lost productivity [17] . However, these studies only included losses due to a single aspect of productivity, such as absenteeism [18] , or premature mortality [16, 17] , and only used the HCA.
This analysis aimed to estimate the cost of lost productivity due to different types of absenteeism and premature mortality associated with head and neck cancer using both the HCA and FCA.
Methods

Setting
The study was conducted in Ireland, which has a mixed public-private universal healthcare system. Individuals with income below a certain threshold are entitled to a Medical Card that provides free primary and tertiary medical care and subsidised pharmaceuticals. Under employment law an employee has no right to be paid whilst on sick leave and sick pay policies are at the discretion of employers [19] . Those whose employer does not provide sick pay may apply to receive statutory illness benefit. In cases where an employee has consistently been absent from work due to illness employment can be terminated [19] .
General Approach
To estimate productivity costs using the HCA and FCA, survey data of workforce participation prior to and following head and neck cancer diagnosis were combined for each individual survey respondent with population level survival data and national economic data. Four types of productivity loss were calculated: (1) Temporary time off work (TTO): individuals who take time off work after diagnosis, but then return to work. (2) Permanent time off work (PTO): individuals who cease working as a result of their diagnosis. (3) Reduced hours at work (RHW): individuals who continue working after their diagnosis (with or without a period of TTO) but work fewer hours than before diagnosis. (4) Premature mortality (PM): projected 'excess' years of life lost (to age 65) for every individual-excluding background mortality losses. PTO and RHW losses were corrected for total mortality-background or excess-to avoid double counting of costs. Costs were calculated in 2013 Euros.
Data Sources
For the survey, a population-based sample of head and neck cancer survivors diagnosed during 1994-2008 was selected from the National Cancer Registry Ireland. Eligible individuals included those: with a primary head and neck cancer (ICD-10 codes C00-C14 or C32), at least 8 months post-diagnosis, and who had been treated in one of 14 public or private hospitals (including all of the main head and neck cancer treatment centres) throughout Ireland. Eligible individuals were invited to participate following the agreement of their treating clinician. Ethical approval was provided by the research ethics committee for each of the participating hospitals.
A total of 991 head and neck cancer survivors were sent a survey in August to October 2012 which, in addition to demographic and clinical questions, collected information on occupation and workforce participation. Questions were included on employment status at diagnosis (i.e., working for an employer, self-employed, unemployed, looking after family or home, retired), occupation at diagnosis, weekly hours worked at diagnosis and currently, and time taken off work following diagnosis. No questions were asked about performance at work pre-and post-diagnosis and so presenteeism costs were not included in the calculations. Survivors were included in the analysis if they returned a completed questionnaire and indicated that they were working (either for an employer or self-employed) and of working age (under 65 years) at the time of diagnosis.
Occupation at diagnosis was coded to the Standard Occupational Classification [20] . The average wage rates for Ireland by gender and occupational group were identified from the Central Statistics Office National Employment Survey [21] . The same source was used to impute the average hours worked per week by gender for the 44 survey respondents who did not provide their weekly working hours at both pre-diagnosis and the time of the survey. When working hours were provided at only one time point, it was assumed that these did/had not change(d). Wage growth was estimated as forecasted Gross National Product growth at an average 1.7 % per year, based on a major study of the medium-term economic outlook for Ireland 2013 to 2020 [22] . A discount rate of 4 % was applied to future earnings, consistent with the Irish standard [23] .
For the FCA, the friction period was assigned based on average Irish vacancy rates by occupation type [24] . Professional occupations (managers, professionals and associate professionals) were assumed to have a friction period of 13.3 weeks [24] . Service occupations (clerical sales and service occupations) had a friction period of 9.9 weeks, and manual occupations (production, transport, craft and other manual occupations) had a friction period of 10.1 weeks [24] . As no accurate estimate of the elasticity of annual labour supply in Ireland was available it was assumed to be 1.0 [25] . National Cancer Registry population-level survival data (available on request) for all head and neck cancer types and stages combined and Irish life table data [26] were used to estimate premature mortality [25, 27] .
Calculations
Productivity costs were calculated up to age 65 years, the current pensionable age in Ireland. Individuals with missing data for occupation type were given the average wage for their gender and age. Individuals with missing data for other work pattern variables (such as temporary time taken off work) were excluded from descriptive statistics, and assumed to have no costs associated with corresponding productivity losses; thus the resulting cost estimates are conservative. The working status, working hours and occupation at the time of the survey were assumed to continue without change to retirement age. Individuals who left the workforce permanently due to their cancer were assumed to cease work from the date of diagnosis.
For the HCA, TTO was calculated as weekly income multiplied by the number of weeks off, adjusted for growth rate and discounting when time off was greater than 12 months. PTO was calculated as annual wage multiplied by the number of years from diagnosis to retirement age (65 years), adjusted for wage growth, discounting and total mortality. If an individual had both a PTO and TTO cost, it was assumed the PTO commenced at the end of the TTO and thus the later was subtracted from the former to avoid double-counting.
RHW was calculated as the wages for lost hours each year, adjusted for wage growth, discounting and total mortality, from diagnosis to retirement age. For those with a TTO cost, the period of TTO was subtracted from the period of RHW. For PM, the projected average loss of years to age 65 for each patient in the survey was computed by estimating the probability of 'excess' (cancer related) mortality annually to age 65 (having subtracted background mortality), applying this to the number of patients at risk at each age, weighting the results by the number of years remaining, then summing. PM costs therefore exclude costs associated with 'background' deaths in the general population under age 65, which are adjusted for as part of total mortality costs in the PTO and RHW calculations.
Similar calculations were used for the FCA, although the period of time for which the losses applied was capped at the relevant friction period. Consistent with FCA methods, total mortality, discounting and wage growth were not adjusted for in the FCA calculations due to the short (9-to 13-week) friction periods, although it is recognised that PM may occur well into the future.
All data management and analyses were done in SAS 9.3.
Sensitivity Analyses
Sensitivity analysis was conducted to assess the impact of various data assumptions on the overall lost productivity costs. The discount rate was varied from 0 to 6 % [23], wage growth was varied from 1 to 2.8 % [22] and the friction period was increased and reduced by 20 %.
Results
There were 583 eligible surveys received (response rate 59 %). The survey responders were similar to non-responders in all comparisons: gender, age group (up to age 65), cancer site, cancer stage and time since diagnosis (chisquared tests, P [ 0.05). Of the survey responders, 424 were of working age (\65 years) and 285 reported being either employed or self-employed at the time of diagnosis. There were 252 respondents who were both of working age and employed or self-employed at the time of diagnosis; however, missing data meant that 251 individuals were included in the analysis.
3.1 Socio-demographics, clinical and work details of analysis group Table 1 presents the demographic and clinical characteristics of the analysis sample and Table 2 their working arrangements. The mean age at diagnosis was 51 years and 71 % of subjects were male. Seventy-seven percent of the sample reported taking time off work, with 30 % not returning to the workforce by the time of the survey. The average pre-diagnosis working hours were 39 per week, and one-third of participants were self-employed. Table 3 shows the average total productivity losses calculated using the HCA and FCA. Average total productivity losses for head and neck cancer were estimated to be EUR253,800 per person working at the time of diagnosis with HCA and EUR6800 per person working at the time of diagnosis with FCA. The FCA estimate is approximately 3 % of the HCA estimate. The main driver of cost using the HCA was premature mortality (which accounted for 38 % of the total cost), while using the FCA it was temporary time off (73 % of the total cost). Table 4 shows productivity losses using the two approaches compared by socio-demographic and clinical variables. Regardless of approach, productivity losses were higher for males, those with higher education and those with professional occupations, driven by the higher wages in these groups. Using the HCA, younger individuals had much higher productivity losses than older individuals due to the longer time period of lost productivity. For clinical subgroups, both approaches found that those with pharyngeal cancer, more advanced disease and who received chemotherapy had higher productivity losses.
Productivity Losses by Socio-Demographic and Clinical Factors
Sensitivity Analysis
In the HCA, varying the predicted wage growth rate and discount rate resulted in a range of total productivity losses of EUR197,952 to EUR519,332. In the FCA, varying the friction period resulted in a range of total productivity losses of EUR5843 to EUR8119. For the full sensitivity analysis results see Online Resource 1. The sensitivity analysis did not impact on the distribution of productivity cost components for either approach.
Discussion
This is the first study estimating the lost productivity costs associated with head and neck cancer using both the HCA (EUR253,800 per person working at the time of diagnosis) and FCA (EUR6800 per person working at the time of diagnosis). It is also the first study to estimate the productivity losses associated with different aspects of FCA friction cost approach, HCA human capital approach workforce absenteeism (TTO, PTO, RHW), as well as premature mortality (PM) for head and neck cancer.
Comparison of Results to Previous Work
Comparisons to previous studies of productivity losses in head and neck cancer are difficult, due to the differing methodologies used. Two studies have calculated lost productivity due to premature mortality, and found results ranging from US$299,809 in 2000 [17] to US$406,061 in 2003 [16] per death in the US. However, the denominator for these calculations is the total deaths per year, rather than survivors, as used in this study. A third study included the daily allowance paid by health insurance to compensate individuals for lost income in France, and estimated an annual total in 2007 of EUR73.9 million [18] . A small number of previous studies, all from Europe, have used similar methods to compare the productivity losses associated with breast [25, 28] , prostate [25] and cervical [28] cancers using the HCA and FCA. The proportion of HCA and FCA costs were similar for cervical cancers, where FCA losses were 2.6 % of the HCA calculated costs [28] , while for breast and prostate cancers FCA losses were 4.0 % [25, 28] and 7.5 % [25] respectively, of the HCA calculated costs.
The FCA estimates of total head and neck cancer costs in this study are similar to, although somewhat lower than, estimates for other cancer sites (eg, EUR8103 in breast cancer, EUR8205 in prostate cancer [25] ), primarily driven by the limited period during which costs are accrued. However, the magnitude of the HCA estimates for head and neck cancer (EUR253,800) are higher than those for breast (EUR193,400) [25] , prostate (EUR109,100) [25] and colorectal (EUR205,800) [27] cancers in the same setting. In particular, permanent time off costs were at least twice as high in head and neck cancer (EUR68,600) as in the other cancers (which ranged from EUR24,400 in colorectal cancer [27] to EUR34,700 in prostate cancer [25] ), driven by the substantially higher proportion of individuals who depart the workforce permanently following head and neck cancer (30 % compared to 13 % in breast cancer and 12 % in prostate cancer) [25] . These higher numbers may be due to the increased morbidity associated with head and neck cancer and its treatments compared to other cancers [29] .
Using the Human Capital and Friction Cost Approaches in Economic Evaluation
While productivity loss estimates have, for a long time, contributed to cost of illness estimates, they are increasingly being included in economic evaluations. One of the primary purposes of economic evaluations is to determine the reimbursement of new drugs and devices within a healthcare system. Many jurisdictions take a societal approach to economic evaluations, and these often include the consideration of productivity losses; however, the choice of method for considering productivity losses is still under debate both within and across jurisdictions [15] . The HCA takes a societal, and therefore more comprehensive, approach [25, 30] by measuring 'potential' losses to society. This results in estimates of the maximum of possible production lost [25] . It is thus appropriate when conducting an economic evaluation from a societal perspective [15] , and the well-established methods with relatively accessible data means it is comparatively easy to apply.
In contrast, the FCA is said to more accurately estimate the 'actual' or lower bound of lost production [25] , by allowing for co-workers to compensate for some lost production, and unemployed individuals to replace lost workers [25] . This approach is more consistent with an employer's perspective, which is particularly relevant in healthcare systems where employers pay for at least part of health insurance [30] . It has been argued that the FCA is more difficult to apply given the need for more complex data [30] .
Other approaches, such as the US Panel Approach, have been suggested, but these have not yet been recommended by any jurisdictions [15] .
Drivers of Differences Between Approaches
The equity implications of including productivity losses in cost-effectiveness analyses have been long recognised [31] . However, observing the estimates for different socio-demographic and clinical subgroups allows an illustration of how the different assumptions of the HCA and FCA methods result in different drivers of productivity losses differ. As seen in other studies [25, 32] , this analysis found the key driver of productivity losses with HCA was age, while the FCA was driven by wage differences. The HCA results in particularly high values of lost production for younger individuals who cease working, whereas age has less of an impact of FCA estimates. The equity implications of using wages to value production have been well documented, with concern that highly paid individuals will have their health gains valued more highly. Similar issues apply with the FCA, where individuals with lower salaries tend to be easier to replace, and thus have shorter friction periods and correspondingly lower productivity losses. This highlights the ethical concerns around subgroup analysis in productivity analyses.
The length and severity of the illness under consideration will also influence estimates. Diseases with longerterm impacts, such as cancer, are likely to have greater differences between the HCA and FCA than short-term illnesses such as influenza. In addition, diseases which result in significant periods of presenteeism, such as depression, would under estimate productivity loss using the FCA, as this does not capture presenteeism.
The results of this study highlight the importance of health economists and policy makers being aware of the assumptions underpinning estimates of lost productivity. The choice of method should be based on the perspective of the decision problem and theoretical arguments for which approach will provide a true reflection of productivity losses. However, the requirements of the local jurisdiction may supersede these considerations. HTA guidelines in an increasing number of jurisdictions recommend, or at least allow, the FCA to be used as a sensitivity analysis for an HCA base case, and given the ongoing debate in the literature this may be the most pragmatic approach.
Strengths and limitations of the study
This is the first study to examine the productivity losses of head and neck cancer using the FCA, and uses a relatively large sample with longer follow up than other, similar, studies. In addition, the use of self-reported data minimises assumptions about workforce participation, and allows productivity loss due to factors other than premature mortality to be calculated-a first for head and neck cancer.
By differentiating the different types of work absence (PTO, TTO and RHW) we gain a better picture of the composition of the productivity losses of head and neck cancer. For example, the results of this study indicate that although many individuals return to work, the long-term implications of head and neck cancer influence people's ability to return at the capacity they had pre-diagnosis. This pattern is less clear in the FCA because of the truncated time frame considered by the method.
A limitation of the study is that the extended time since diagnosis for some participants introduces potential for differential recall according to time since diagnosis. A further potential difficulty related to this extended timeframe is that the economic situation in Ireland has changed dramatically over the last decade. It is possible that national economic circumstance influenced workforce participation among participants (rather than the head and neck cancer per se), and that the recent economic data used in this analysis may not reflect working conditions that applied at the time of diagnosis. The inclusion of a control group was not possible in this analysis; however, in future studies would allow the impact of wider economic factors on productivity to be quantified.
Finally, the indirect costs of cancer are not limited to loss of attendance at the workplace and premature mortality. Additional losses not included in this analysis include reduced productivity in paid work (presenteeism) and loss of unpaid production such as household responsibilities and caring [33] . These costs are difficult to incorporate into the FCA [30] , but if data were available could have been included in the HCA calculations.
Conclusion
Productivity losses associated with head and neck cancer are a significant component of the burden of illness. Individuals with pharyngeal cancer, more advanced disease and who received chemotherapy had greater productivity losses.
Using the HCA and FCA approach to estimate productivity costs provides decision makers with information concerning the differences in costs derived according to each approach and the key drivers of costs, which change according to method applied. A pragmatic approach for future research may be to use both HCA and FCA to estimate productivity losses associated with cancer.
